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Transthoracic Two-Dimensional High Frequency (7.5 MHz) Ultrasonic
Visualization of the Distal Left Anterior Descending Coronary Artery
JOHN J. ROSS, JR., RCPT, GARY S. MINTZ, MD, FACC,
KRISHNASWAMY CHANDRASEKARAN, MD
Philadelphia, Pennsylvania
High frequency (7.5 MHz) two-dimensional ultrasound in
combination with modified acoustic windows allowed visu-
alization of the distal left anterior descending artery in 61
(85%) of 72 patients studied. Visualization was confirmed
in one patient who underwent simultaneous high frequency
ultrasound recording and selective dye injection into the left
coronary artery.
Two-dimensional echocardiographic visualization of the cor-
onary anatomy in humans has been described (1-4). How-
ever, most previous studies concentrated on proximal artery
anatomy within the focal zone of the standard imaging fre-
quencies (2.5 to 3.5 MHz). Fusejima (5) discussed the feasi-
bility and problems of visualizing the distal left anterior
descending artery using conventional techniques and win-
dows. We hypothesized that new high frequency (7.5 MHz)
two-dimensional mechanical transducers would allow visual-
ization of the distal left anterior descending artery, which
normally is masked by near field artifacts of standard trans-
ducers (6).
Methods
Study patients. Initially, we studied 20 patients to deter-
mine the best acoustic window for the ultrasound technique.
The success rate of visualizing the left anterior descending
coronary artery was poor at first but improved with experi-
ence. Once comfortable with the technique, we studied 72
additional patients prospectively. There were 15 normal
subjects (10 men and 5 women, aged 17 to 53 years [mean
From the Likoff Cli.fdiovascular Institute, Department of Medicine, Hah-
nemann University Hospital, Philadelphia, Pennsylvania.
Manuscript received April 17, 1989; revised manuscript received August
17, 1989; accepted September I, 1989.
Address for reprints: John J. Ross, Jr., Likoff Cardiovascular Institute,
Hahnemann University Hospital, 230 North Broad Street, Mail Stop 110,
Philadelphia, Pennsylvania 19102.
©1990 by the American College of Cardiology
In addition, calcific coronary atherosclerosis was iden-
tified in one patient. The saphenous vein bypass graft along
with its distal site of anastomosis was clearly seen in
3 patients and coronary artery flow was detected in 24
(33%).
(J Am Coil CardioI1990;15:373-7)
43]). There were 55 patients with cardiovascular disease (29
men and 26 women, aged 26 to 91 years [mean 57]); 19 had
coronary artery disease, 12 end-stage renal disease, 20
valvular heart disease, 1 hypertrophic myopathy, and 3
arrhythmias. All patients were referred to the laboratory for
routine echocardiographic study. One patient (41 years old)
had acquired immundeficiency syndrome (AIDS), and one
patient (35 years old) had systemic lupus erythematosis.
Ultrasound instrumentation. The left anterior descending
artery was imaged using a commercially available Interspec
XL real time two-dimensional echocardiographic mechani-
cal sector scanner, incorporating a single element oscillating
transducer with a frequency of 7.5 MHz. This transducer is
focused at 2.5 em, and has an axial resolution of 0.2 mm and
a lateral resolution of 1 mm. The high resolution monitor
supplied with this system has a pixel resolution of 0.08 mm.
A modified apical acoustic window was used to place the left
anterior descending artery within the focal zone and pene-
tration depth of the transducer (5). This window is just
medial to the midclavicular line in the fourth and fifth
intercostal space, and is similar to the window used to obtain
apical short-axis views of the left ventricle. With the use of
a short-axis orientation, the ultrasound beam was propa-
gated toward the anterior intraventricular sulcus (Fig. 1).
Initial use of this orientation allowed for easier
identification of the left anterior descending artery, thereby
reducing examination time. Careful interrogation of this
area with the ultrasound beam revealed a spherical struc-
ture often accompanied by two smaller circular vessels
(Fig. 2).
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Figure 1. Artist's drawing illustrating
short-axis (A) and long-axis (B) trans-
ducer beam orientation to the left ante-
rior descending (LAD) coronary artery.
Ao = aorta; RA = right atrium; RV =
right ventricle; SVC = superior vena
cava.
Measurement analysis. Using an on-line digital caliber
system, we made three separate measurements of the left
anterior descending artery (Table 1). Luminal diameter and
circumferential measurements were performed in the short-
axis view; diameter was determined with the leading edge to
leading edge technique. Maximal length was measured as the
greatest length of the left anterior descending artery seen
within the sector at a single orientation.
Coronary blood flow. The same transducer used to obtain
anatomic visualization of the left anterior descending artery
was used to detect coronary blood flow in the pulsed
Doppler mode. However, because of its wide bandwidth, the
ring down frequency when in Doppler mode is 5.0 MHz.
Angle correction was necessary, allowing measurement and
timing only of relative blood flow velocities.
Results
Anatomic recognition of the distal left anterior descending
coronary artery. To document that the spherical structure
observed is the left anterior descending artery, simultaneous
high frequency ultrasonography and selective dye injection
into the left coronary artery were performed (Fig. 3).
Echocardiographically, there was a contrast opacification of
the large central spherical vessel, but not of the smaller
vessels at either side of the left anterior descending artery,
which probably represent cardiac veins. In most patients, an
echo-free space was seen anterior to the vessel; it measured
3 to 4 mm and probably represents a physiologic amount of
fluid (Fig. 2, 4-6). The left anterior descending artery was
visualized in 61 (85%) of the 72 study patients; of the 10
patients in whom it could not be seen, 5 underwent cardiac
catheterization, which disclosed a totally occluded vessel
proximally in 3, and a normal artery in the other 2. In the
remaining five patients it was difficult to obtain an adequate
study because of body habitus.
Detection of coronary atherosclerosis. Dense irregular (4)
echoes within the lumen of the left anterior descending
artery were observed in three patients (Fig. 7). Two of these
patients had extensive cardiac disease confirmed at cathe-
terization. The third patient, with end-stage renal disease,
had high intensity globular lesions that met criteria for
calcification (highly reflective with acoustic shadowing) (7).
This finding was subsequently confirmed by cardiac cineflu-
oroscopy.
Visualization of the coronary bypass graft. We were able
to image 2 to 3 em of a saphenous vein bypass graft and
its anastomosis to the left anterior descending artery in
three patients. Two of these patients had undergone car-
diac catheterization in which the location and size of
the saphenous vein graft were confirmed. The saphenous
vein graft was more anterior and had a diameter slightly
larger (0.5 em) than that of the left anterior descending
artery (Fig. 6).
Detection of distal left anterior descending arterial flow. In
24 patients, we were able to detect flow in the distal left
anterior descending artery. The extreme angle correction
needed precluded accurate measurement of velocity or vol-
ume flow. However, the flow signal had diastolic and sys-
tolic components (Fig. 4 and 7).
Discussion
The left anterior descending artery is embedded in epi-
cardial fat on the anterior interventricular sulcus and courses
downward toward the apex. Its most anterior position is
approximately 2 to 3 em distal to its intramural segment (8).
It is at this point that the artery is most accessible to high
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Figure 2. Short-axis (A) and long-axis (B) two-dimensional
echocardiograms corresponding to Figure IA and lB. White arrow
in A indicates a large spherical structure that represents the left
anterior descending artery. Two smaller circular vessels on either
side probably represent cardiac veins. In B, LAD indicates the left
anterior descending artery coursing in the interventricular sulcus.
frequency ultrasonic interrogation. Because the vessel lies
anterior to the myocardium, the artery and its surrounding
structures fall well within the 2.5 cm focal zone of the
7.5 MHz transducer. Because it can be observed without
motion artifact throughout the cardiac cycle, there is no need
for off-line analysis. Although the learning curve for detect-
Table 1. Measurements of the Left Anterior Descending
Coronary Artery
Diameter Circumference Length
(em) (em) (em)
Average 0.22 ± 0.08 0.5 ± 0.21 1.8 ± 0.7
Range 0.1 to 0.4 0.2 to 0.9 0.5 to 3.5
Figure 3. Coronary angiogram demonstrating the relative relation
of the transducer to the left anterior descending artery (LAD).
ing the distal left anterior descending artery is steep, the key
to success is use of the correct acoustic window. Both the
normal parasternal and the apical views will miss it. Because
the high frequency produces a very narrow ultrasound beam
in all lateral dimensions, there is improved lateral beam
width resolution, which increases the signal to noise ratio
within its focal zone. We speculate that a further increase in
transducer frequency and the addition of annular array or
more sophisticated phased array may allow visualization of
the entire length of the left anterior descending artery.
Figure 4. Long-axis orientation of the left anterior descending
artery (LAD) with pulsed sample volume positioned within the
luminal walls. Note angle correction cursor.
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Figure 7. Diastolic and systolic components of left anterior de-
scending artery (LAD) blood flow demonstrated by pulsed mode
Doppler ultrasound. MIS =meters per second, EeG = electrocar-
diogram.
Figure 5. Long-axis two-dimensional echocardiogram from a pa-
tient with calcification (white arrow) of the distal left anterior
descending artery (LAD).
Coronary atherosclerosis, bypass grafts and 8ow. We
demonstrated the feasibility of detecting distal athero-
sclerosis, imaging the distal anastomosis of a saphenous
vein graft and detecting flow. Previous echocardiographic
studies (9) have discussed the limitations of detecting
coronary artery disease. These limitations are equally
applicable to our study, with two exceptions: I) Unlike
the left main coronary artery, the distal left anterior de-
scending artery is not influenced by atherosclerosis or cal-
cification in the aorta. 2) The distal vessel is responsive to
disease or maneuvers that alter coronary artery caliber and
flow. A totally occluded or underfilled vessel may not be
seen.
Detecting coronary blood flow is more difficult than
detecting coronary anatomy because the Doppler angle is
close to 90°. However, flow detection is feasible in some
patients and may be easier ifa more distal segment of the left
anterior descending artery can be imaged from the same
window, a segment more aligned with the transducer axis.
We emphasize that these are preliminary observations.
Further studies will be necessary to confirm our findings and
to determine the ultimate clinical and experimental utility of
this technique.
Figure 6. Long-axis two-dimensional echocardiogram from a pa-
tient with a saphenous vein bypass graft to the left anterior descend-
ing artery (LAD) and its anastomotic site.
We express our gratitude to Catherine Coin for the typing and preparation of
this manuscript.
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